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PINCH DETECTION APPARATUS FOR
OPENING-AND-CLOSING MEMBER, AND
OPENING-AND-CLOSING MEMBER
APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims priority under 35
U.S.C. §119 to Japanese Patent Application 2013-038551,
filed on Feb. 28, 2013, the entire content of which is incor-
porated herein by reference.

TECHNICAL FIELD

This disclosure relates to a pinch detection apparatus for an
opening-and-closing member, and an opening-and-closing
member apparatus which uses the pinch detection apparatus.

BACKGROUND DISCUSSION

A known opening-and-closing member may be provided
with an apparatus which is for detecting pinch or entrapment
of, for example, an object during an automatic closing opera-
tion of the opening-and-closing member. For example,
JP3931732B (hereinafter referred to as Patent reference 1)
discloses a known pinch detection apparatus provided at a
sunroof of a vehicle. According to the known pinch detection
apparatus disclosed in Patent reference 1, first, reference load
data is calculated from a fluctuating rotation speed of a motor
during a closing operation in a case where a predetermined
condition is established, and is stored. At the closing opera-
tion after the storage of the reference load data, a difference
between drive data calculated from the fluctuating rotation
speed and the reference load data is calculated. On the basis of
comparison between the difference and a threshold, that is, on
the basis of'a comparison result, pinch detection is performed.
Conversion from data of the fluctuating rotation speed to data
of load fluctuation is performed on the basis of a known
function that is related to a rotation speed of a motor and a
generated torque.

In addition, JP2010-110171A (hereinafter referred to as
Patent reference 2) discloses a known motor control appara-
tus performing a pinch detection at, for example, a window of
a vehicle. According to the known motor control apparatus
disclosed in Patent reference 2, a relationship among a motor
temperature and motor characteristics, and an estimated load
is mapped. At a closing operation of an opening-and-closing
member, presence or absence of the pinch is determined on
the basis of the estimated load derived from the motor tem-
perature and the motor characteristics according to the map.
More specifically, the map, which indicates the motor char-
acteristics for a classification of motor temperature ranges
(-30° C.~0°C., 0° C.~40° C., 40° C.~80° C.), plural driving
voltages (8V, 12V, 16V) and motor rotation speeds, is preset.
From the motor temperature, the driving voltage and the
motor rotation speed which are detected, a processing for
estimating the load is performed, referring to the map. Here,
the motor temperature is detected by a temperature sensor
provided in a vicinity of the motor and the above-explained
load estimation is performed on the basis of the detected
temperature.

According to the apparatus of the Patent reference 1, how-
ever, it is not considered that a relationship between the rota-
tion speed and the load of the motor fluctuates depending on
an environmental temperature. As will be stated below in
detail, the relationship between the rotation speed of the
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motor and the load of the motor substantially shows to a
negative linear function, however, an inclination of the func-
tion changes depending on the environmental temperature.
Thus, in a case where the environmental temperature at the
time of calculating the reference load data and the environ-
mental temperature at the time of calculating the drive data
differ from each other, the actual difference between the
reference load data and the drive data, and the calculated
difference between the reference load data and the drive data
do not coincide with each other. Consequently, according to
the apparatus of the Patent reference 1, the relationship
between the difference between the reference load data and
the drive data, and the detection threshold changes depending
on the temperature, and therefore it is difficult for pinch
detection with high accuracy to be performed.

As a first problem of the apparatus of the Patent reference
2, the temperature sensor that accurately detects the tempera-
ture of the motor is needed because the map, which indicates
the relationship between an absolute temperature (tempera-
ture range) of the motor and the motor characteristics, is used.
Thus, the temperature sensor with high accuracy needs to be
provided in a vicinity of the motor, which increases an intro-
duction cost. Secondly, the load estimation performed by
using the initial characteristic map does not necessarily
remain useful or usable thereafter because the relationship
between the motor temperature and the motor characteristics
changes due to, for example, an aging deterioration of the
motor. Therefore, the initial detection accuracy may not be
maintained after the apparatus is used for many years.

A need thus exists for a pinch detection apparatus for an
opening-and-closing member and an opening-and-closing
member apparatus, which are not susceptible to the drawback
mentioned above.

SUMMARY

According to an aspect of this disclosure, a pinch detection
apparatus for an opening-and-closing member actuated by a
motor, includes a reference data storage portion calculating
load data on the basis of a rotation speed of the motor and an
environmental temperature which are obtained in a case
where a closing operation of the opening-and-closing mem-
ber is performed at a predetermined time, the reference data
storage portion storing the load data and the environmental
temperature as reference load data and reference temperature
data, respectively, a drive load calculation portion calculating
drive load data on the basis of the rotation speed of the motor
and the environmental temperature which are obtained in a
case where the closing operation of the opening-and-closing
member is performed after the reference load data is stored,
and a pinch determination portion configured to determine an
occurrence of pinch on the basis of a comparison result
obtained by comparing a difference between the reference
load data and the drive load data with a threshold set in order
to determine the pinch at the opening-and-closing member,
the pinch determination portion configured to correct a rela-
tive relation between the difference between the reference
load data and the drive load data, and the threshold on the
basis of a relative relation between a reference temperature
which corresponds to the reference temperature data and a
drive temperature which corresponds to the environmental
temperature obtained at the closing operation of the opening-
and-closing member after the reference load data is stored.

According to another aspect of this disclosure, an opening-
and-closing member apparatus includes an opening-and-
closing member, a motor, a rotation speed detection portion
detecting a rotation speed of the motor and a pinch detection
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apparatus actuated by the motor. The pinch detection appa-
ratus includes a reference data storage portion calculating
load data on the basis of a rotation speed of the motor and an
environmental temperature which are obtained in a case
where a closing operation of the opening-and-closing mem-
ber is performed at a predetermined time, the reference data
storage portion storing the load data and the environmental
temperature as reference load data and reference temperature
data, respectively, a drive load calculation portion calculating
drive load data on the basis of the rotation speed of the motor
and the environmental temperature which are obtained in a
case where the closing operation of the opening-and-closing
member is performed after the reference load data is stored,
and a pinch determination portion configured to determine an
occurrence of pinch on the basis of a comparison result
obtained by comparing a difference between the reference
load data and the drive load data with a threshold set in order
to determine the pinch at the opening-and-closing member,
the pinch determination portion configured to correct a rela-
tive relation between the difference between the reference
load data and the drive load data, and the threshold on the
basis of a relative relation between a reference temperature
which corresponds to the reference temperature data and a
drive temperature which corresponds to the environmental
temperature obtained at the closing operation of the opening-
and-closing member after the reference load data is stored.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and additional features and characteristics
of this disclosure will become more apparent from the fol-
lowing detailed description considered with the reference to
the accompanying drawings, wherein:

FIG. 1 is a block diagram of an opening-and-closing mem-
ber apparatus provided with a pinch detection apparatus
according to a first embodiment disclosed here;

FIG. 2 is a diagram explaining a relationship among tem-
perature, torque and a rotation speed of a motor;

FIG. 3 is a diagram explaining a pinch detection according
to the first embodiment;

FIG. 4 is a diagram explaining a relationship between a
temperature difference and a threshold correction amount
according to the first embodiment;

FIG. 5 is a flowchart of a pinch detection control according
to the first embodiment;

FIG. 6 is a flowchart of a pinch detection control according
to a variation of the first embodiment;

FIG. 7 is a block diagram of an opening-and-closing mem-
ber apparatus provided with a pinch detection apparatus
according to a second embodiment disclosed here;

FIG. 8 is a flowchart of a pinch detection control according
to the second embodiment; and

FIG. 9 is a flowchart of a pinch detection control according
to a variation of the second embodiment.

DETAILED DESCRIPTION

A first embodiment disclosed here will be described. As
illustrated in FIG. 1, an opening-and-closing member appa-
ratus 1 includes an opening-and-closing member 2, a motor 3,
a rotation speed detection portion 4 and a pinch detection
apparatus 5. In this embodiment, the opening-and-closing
member apparatus 1 is assumed to be an opening-and-closing
member apparatus for a vehicle. In this embodiment, the
opening-and-closing member 2 is assumed to be a sunroof,
however, as will be clear from the explanation below, this
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disclosure may be applied to a configuration of a pinch detec-
tion at, for example, a slide door, a power window or other
opening-and-closing member.

The motor 3 actuates the opening-and-closing member 2 to
slide relative to a roof opening portion. The motor 3 rotates in
a forward direction and a reverse direction in response to a
closing signal and an opening signal from an ECU 10. An
operation of the motor 3, which actuates the opening-and-
closing member 2 to slide in a closing direction will be here-
inafter referred to as a closing operation or an automatic
closing operation. In addition, pinch or entrapment means
that an object or a human body (or part thereof) is pinched or
entrapped between the opening-and-closing member 2 and an
end portion of the roof opening portion. The ECU 10 is
appropriately supplied with electricity power.

The rotation speed detection portion 4 detects a rotation
speed of the motor 3. The rotation speed of the motor 3 may
be detected by a sensor (for example, a hall IC) which outputs
apulse that synchronizes with the rotation of the motor 3 or by
a circuit which detects and forms current ripple at a driving
signal of the motor 3.

An environmental temperature detected by a temperature
sensor 11 is inputted to the ECU 10. In this embodiment, a
temperature sensor that is generally mounted on a vehicle (for
example, the sensor detecting temperature in order to indicate
the temperature on an instrument panel) is used as the tem-
perature sensor 11. A sensor which directly detects tempera-
ture of the motor 3 may be implemented as the temperature
sensor 11.

The pinch detection apparatus 5 includes a CPU 501, a
memory 502, an input/output portion 503, a predetermined
condition determination portion 504, a reference data storage
portion 510, a drive load calculation portion 520 and a pinch
determination portion 530, all of which and internal compo-
nents, which will be described below, are connected with one
another by a bus 505. The CPU 501 is a processor which
controls exchange of signals among the parts and the por-
tions. The memory 502 is a memory which stores therein, for
example, program. The input/output portion 503 functions as
an input/output interface between the pinch detection appa-
ratus 5 and the ECU 10.

The predetermined condition determination portion 504
determines whether or not a state, in which the opening-and-
closing member 2 and the motor 3 are placed, fulfills or meets
apredetermined condition. In this embodiment, the predeter-
mined condition is established or met in a state where distur-
bance including vibrations, an accelerated velocity or the like
is not occurring to the opening-and-closing member 2 and to
the motor 3, that is, for example, in a state where the vehicle
is stopped and a power supply of the ECU 10 is turned ON. In
this case, the predetermined condition determination portion
504 obtains data of a vehicle speed (which is obtained from a
vehicle speed sensor 12) and of power supply voltage from
the ECU 10, and in a case where the vehicle speed is 0 and the
power supply voltage is a predetermined value (for example,
12V), the predetermined condition determination portion 504
determines that the predetermined condition is established. In
addition, the environmental temperature obtained by the tem-
perature sensor 11 may be added to a condition that deter-
mines whether or not the predetermined condition is estab-
lished. For example, it may be determined that the
predetermined condition is not established in a case of an
extremely low temperature (for example, —20° C. or lower) or
an extremely high temperature (for example, 50° C. or
higher).

The reference data storage portion 510 includes a reference
load storage portion 511 and a reference temperature storage
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portion 512. At the closing operation which is performed in a
case where the predetermined condition is established, the
rotation speed detected by the rotation speed detection por-
tion 4 and temperature data obtained from the temperature
sensor 11 via the ECU 10 are inputted to the reference data
storage portion 510. At the closing operation that is per-
formed when the predetermined condition is established, the
reference load storage portion 511 calculates, from the input-
ted rotation speed, reference load data indicating a load fluc-
tuation which corresponds to a rotation speed fluctuation, and
the reference load storage portion 511 stores the calculated
reference load data. The reference load data is calculated and
derived from a predetermined function of torque-rotation
speed (hereinafter referred to as “a predetermined function™)
illustrated in FIG. 2. The reference load data will be described
in detail later. The reference temperature storage portion 512
stores the inputted temperature data as reference temperature
data.

To the drive load calculation portion 520, the rotation speed
which is detected by the rotation speed detection portion 4 at
the closing operation performed after the storing operation by
the reference data storage portion 510, and the temperature
data which is obtained from the temperature sensor 11 via the
ECU 10 at the closing operation performed after the storing
operation by the reference data storage portion 510, are input-
ted. From the inputted rotation speed, the drive load calcula-
tion portion 520 calculates drive load data indicating a load
fluctuation which corresponds to a rotation speed fluctuation.
Also the drive load data is calculated and derived from the
predetermined function.

The pinch determination portion 530 includes a load dit-
ference calculation portion 531, a temperature difference cal-
culation portion 532, a threshold storage portion 533, a
threshold correction portion 534 and a comparison portion
535.

The load difference calculation portion 531 subtracts the
reference load data, which is stored by the reference load
storage portion 511, from the drive load data, which is calcu-
lated by the drive load calculation portion 520, and outputs a
difference between the reference load data and the drive load
data (hereinafter referred to as “a load difference”). The tem-
perature difference calculation portion 532 subtracts the ref-
erence temperature data, which is stored by the reference
temperature storage portion 512, from drive temperature data,
which is obtained by the drive load calculation portion 520,
and outputs a difference between the reference temperature
data and the drive temperature data (hereinafter referred to as
“a temperature difference”). In This embodiment, a relative
relation between the reference temperature data and the drive
temperature data is expressed by the difference therebetween,
however, the relative relation between the reference tempera-
ture data and the drive temperature data may be defined by a
ratio or by a certain function.

The threshold storage portion 533 stores a reference
threshold at a time when the predetermined condition is
established. Here, the rotation speed fluctuation, the load
fluctuation, the load difference and the threshold, from a
closing operation start position x1 to a closing operation end
position X3, are explained by using FIG. 3. A line Al repre-
sents the rotation speed fluctuation in a case where the pre-
determined condition is established. A line B1 represents the
load fluctuation which is converted from the line A1 by use of
the predetermined function. A line A2 represents the rotation
speed fluctuation when the pinch occurs in a vicinity of a
position x2 under a condition similar to that when the prede-
termined condition is established. A line B2 represents the
load fluctuation which is converted from the line A2 by use of
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the predetermined function. A line C corresponds to a differ-
ence value obtained by subtracting the line B1 from the line
B2, that is, the line C corresponds to the load difference. A
line Th represents the threshold. The comparison portion 535,
which will be described later, determines the occurrence of
the pinch when the line C crosses or goes beyond the line Th
in a vicinity of the position x2.

The threshold correction portion 534 corrects the reference
threshold on the basis of the temperature difference, and
outputs a corrected threshold. As can be seen from FIG. 2, in
a high-temperature state (corresponding to a function Q)
where temperature is higher than a reference temperature (for
example, corresponding to a function P), the load (torque)
which is converted from a given detected rotation speed by
use of the function P is higher than an actual load which is
converted from the rotation speed identical to the given
detected rotation speed by use of the function Q. Therefore, in
acase where the drive temperature is higher than the reference
temperature, the threshold Th needs to be corrected upwardly
in order to compensate an error in the load. On the other hand,
in a low-temperature state (corresponding to a function R)
where temperature is lower than the reference temperature
(for example, corresponding to the function P), the load
which is converted from a given detected rotation speed by
use of the function P is lower than an actual load which is
converted from the rotation speed identical to the given
detected rotation speed by use of the function R. Therefore, in
a case where the drive temperature is lower than the reference
temperature, the threshold Th needs to be corrected down-
wardly in order to compensate the error in the load.

FIG. 4 illustrates a threshold correction amount relative to
the temperature difference, which is used for performing the
above-described correction operation. The correction amount
at the correction of the threshold is defined as a positive
function relative to a change from the reference temperature
to the drive temperature. Specifically, as illustrated in F1G. 4,
the threshold correction amount is set so that the threshold
correction amount monotonically increases relative to the
temperature difference, and a case in which the temperature
difference is zero corresponds to an origin of the positive
function. In this embodiment, a relationship between the tem-
perature difference and the threshold correction amount is
expressed by a linear function, however, other function may
be used for expressing the relationship. Alternatively, the
relationship between the temperature difference and the
threshold correction amount may be defined at a predeter-
mined reference table.

However, for example, in a case where the reference tem-
perature when the predetermined condition is established is
40° C. and the drive temperate is —20° C. (the temperature
difference=-60° C.), the threshold correction amount is
extremely large, and thus it is possible that pinch detection
with high accuracy is not ensured. Thus, the threshold cor-
rection portion 534 may output a detection invalidation signal
in a case where the temperature difference is not within a
predetermined range (for example, £50° C.). The CPU 501,
upon receiving the detection invalidation signal, invalidates a
detection processing, that is, a comparison processing, at the
pinch determination portion 530, and outputs a stop signal to
the ECU 10 and inhibits the automatic closing operation of
the motor 3. In this case, the opening-and-closing member 2
is opened/closed by a manual operation of a user.

The comparison portion 535 determines presence or
absence of the occurrence of the pinch by comparing the load
difference with the corrected threshold. In a case where the
load difference is equal to or less than the corrected threshold,
the comparison portion 535 outputs a non-detection signal
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which indicates that there is no occurrence of the pinch or the
comparison portion 535 outputs no signal. On the other hand,
in a case where the load difference exceeds the corrected
threshold, the comparison portion 535 outputs a detection
signal which indicates that there is the occurrence of the
pinch. In a case where the detection signal is inputted during
the closing operation, the ECU 10 reverses the driving of the
motor 3 so that the opening-and-closing member 2 is operated
to open (an opening operation). In a case where the detection
signal is inputted during the closing operation, the ECU 10
may stop the opening-and-closing member 2 from perform-
ing the closing operation so that a stopped state, that is, the
state where the closing operation is stopped, is maintained.

As illustrated in FIG. 5, at Step S100, the predetermined
condition determination portion 504 determines whether or
not the predetermined condition is established. In a case
where the predetermined condition is established (Yes at Step
S100), the process moves to Step S101.

At Step S101, the CPU 501 determines whether or not the
automatic closing operation of the opening-and-closing
member 2 is started. The start of the automatic closing opera-
tion may be detected when the CPU 501 detects that the
closing signal is outputted from the ECU 10 to the motor 3 or
that the rotation speed is inputted from the rotation speed
detection portion 4 to the reference load storage portion 511.
In a case where the closing operation is started (Yes at Step
S101), the process moves to Step S102.

At Step S102, the reference load storage portion 511 cal-
culates, from the rotation speed detected by the rotation speed
detection portion 4, the reference load data which indicates
the load fluctuation that corresponds to the rotation speed
fluctuation, and stores the calculated reference load data. In
addition, at Step S103, the reference temperature storage
portion 512 stores the temperature, which is obtained by the
temperature sensor 11 via the ECU 10, as the reference tem-
perature data. Thus, the operation of the reference data stor-
age portion 510 ends.

After that, at Step S201, the CPU 501 determines whether
or not the automatic closing operation of the opening-and-
closing member 2 is started, in a similar manner to Step S101.
In a case where the closing operation is started (Yes at Step
S201), the process moves to Step S202.

At Step S202, the drive load calculation portion 520
obtains the rotation speed from the rotation speed detection
portion 4 and calculates the drive load data indicating the load
fluctuation. In addition, at Step S203, the drive load calcula-
tion portion 520 obtains the temperature data (the drive tem-
perature data) from the ECU 10.

At Step S204, the load difference calculation portion 531
subtracts the reference load data stored at Step S102 from the
drive load data calculated at Step S202, and accordingly
calculates the load difference.

At Step S205, the temperature difference calculation por-
tion 532 subtracts the reference temperature data stored at
Step S103 from the drive temperature data calculated at Step
8203, and accordingly calculates the temperature difference.

Between Step S205 and Step S206 which will be described
later, Step S211 which determines a feasibility of the pinch
detection may be provided. That is, at Step S211, it is deter-
mined whether or not the pinch detection may be conducted.
At Step S211, the threshold correction portion 534 deter-
mines whether or not the temperature difference is within the
predetermined range. In a case where the temperature differ-
ence is not within the predetermined range (No at Step S211),
the threshold correction portion 534 outputs the detection
invalidation signal, and the CPU 501 upon receiving the
detection invalidation signal invalidates the pinch detection
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processing of the pinch determination portion 530 and causes
the ECU 10 to inhibit the automatic closing operation of the
opening-and-closing member 2 at Step S212. In a case where
the temperature difference is within the predetermined range
(Yes at Step S211), the process moves to Step S206.

At Step S206, the threshold correction portion 534 corrects
the reference threshold on the basis of the temperature differ-
ence, and outputs the corrected threshold. In a case where the
temperature difference is zero, the threshold correction por-
tion 534 does not correct the reference threshold. However,
also in this case, the output from the threshold correction
portion 534 is referred to as the corrected threshold, for con-
venience of explanation.

At Step S207, the comparison portion 535 compares the
load difference with the corrected threshold and determines
presence or absence of the occurrence of the pinch. In a case
where the load difference is equal to or less than the corrected
threshold (Yes at Step S207), the driving of the motor 3 (that
is, the closing operation) is continued at Step S208. In a case
where the load difference exceeds the corrected threshold (No
at Step S207), the comparison portion 535 outputs the detec-
tion signal, and the CPU 501 causes the ECU 10 to reverse the
driving of the motor 3 at Step S209. Thus, the closing opera-
tion of the opening-and-closing member 2 is reversed to the
opening operation.

At Step S210, the CPU 501 determines whether or not the
closing operation of the opening-and-closing member 2 is
completed. In a case where the closing operation is not com-
pleted (No at Step S210), Step S202 to Step S208 are contin-
ued, that is, repeated, until the closing operation ends. In a
case where the closing operation ends (Yes at Step S210), the
process ends. Under assumption that the temperature is sub-
stantially constant during one closing operation, the obtain-
ment of the drive temperature data at Step S203, the calcula-
tion of the temperature difference at Step S205 and the
determination on the feasibility of the pinch detection at Step
S211 may be omitted in the second execution of the flow and
thereafter. In this case, the temperature difference that is
initially calculated at Step S205 is maintained.

As described above, according to this embodiment, the
detection threshold is corrected on the basis of the tempera-
ture difference. Therefore, even in a case where the tempera-
ture difference exists between when the predetermined con-
dition is established and when the closing operation is
performed after the establishment of the predetermined con-
dition, the motor load, which is dependent on the temperature,
is determined accurately and as a result the pinch detection
with high accuracy is realized. In addition, in the aforemen-
tioned embodiment, the threshold is corrected on the basis of
a relative temperature (the temperature difference) at a time
when each of the load is obtained but not on the basis of an
absolute temperature, and therefore there is no need for a
direct measurement or an accurate measurement of the motor
temperature (including temperature in a vicinity of the
motor). Consequently, the temperature sensor that is ordi-
narily provided at the vehicle may be used for the temperature
measurement of this embodiment, and therefore the pinch
detection apparatus which is readily introduced at low costs is
achieved.

In addition, in the aforementioned embodiment, the refer-
ence load data and the reference temperature data may be
updated at predetermined timing. For example, the CPU 501
may output a reference data update signal each time a prede-
termined period of time (for example, half a year, one year)
elapses, and the ECU 10 upon receiving the reference data
update signal may prompt the user to update the reference
load data and the reference temperature data. In addition, the
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ECU 10 may recognize seasons (for example, a summer
season, a winter season, a rainy season and the like) from the
temperature or humidity which are detected by the tempera-
ture sensor 11 or a humidity sensor, and may prompt the user
each time the season changes to update each of the reference
data. Alternatively, the user may update each of the reference
data at a desired timing.

Further, each of the reference data may be updated auto-
matically at the closing operation, for example, at every clos-
ing operation. FIG. 6 illustrates a flowchart of a variation of
this embodiment, where a processing of an automatic update
of each of the reference data is additionally included. In the
processing of the automatic update, when the pinch does not
occur during the automatic closing operation that is per-
formed in a state where the predetermined condition is estab-
lished, the data of the load fluctuation obtained in this closing
operation is rewritten or is renewed as new reference load
data.

InFIG. 6, itis assumed that the storing process (Steps S100
to S103) for initially storing the reference load data and the
reference temperature data is already performed. In the flow-
chart of FIG. 6, the identical numerical designations are given
to the steps that are identical to the steps in the flowchart
shown in FIG. 5 and the explanations thereof are omitted.

At Step S250, which immediately follows Step S210, the
predetermined condition determination portion 504 deter-
mines whether or not the predetermined condition is estab-
lished, in a similar manner to Step S100. In a case where the
predetermined condition is established (Yes at Step S250),
the process moves to Step S251. In a case where the prede-
termined condition is not established (No at Step S250), the
process ends, and the reference load data and the reference
temperature data which are stored at Step S102 are main-
tained.

At Step S251, the reference load storage portion 511 stores
the drive load data, which is calculated at Step S202, as a new
reference load data. In addition, at Step S252, the reference
temperature storage portion 512 stores the drive temperature
data, which is obtained at Step S203, as a new reference
temperature data. Thus, the drive load data and the drive
temperature data which are calculated at the closing operation
are rewritten and updated as the new reference load data and
the new reference temperature data, respectively.

The reference load data before being updated and the
newly calculated reference load data may be averaged, and
the average data may be updated as the new reference load
data. Further, a moving average of plural reference load data,
which are calculated over plural occasions when the prede-
termined condition is established, may be updated as the new
reference load data.

As described above, according to the configuration where
the reference load data and the reference temperature data are
updated, each of the reference data is appropriately updated
as the apparatus is used, and therefore ability or capability for
performing the pinch detection with high accuracy is main-
tained regardless of an aging deterioration of the apparatus
and/or a change in a use condition of the apparatus. In addi-
tion, the automatic update configuration illustrated in the
flowchart of FIG. 6 updates each of the reference data without
imposing burden on the user, thereby enhancing convenience.

A second embodiment disclosed here will be described.
According to the configuration of the aforementioned first
embodiment, the detection threshold is corrected on the basis
of'the relative relation between the reference temperature data
and the drive temperature data. In the second embodiment, a
configuration is shown where the drive load data is corrected
on the basis of the relative relation between the reference
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temperature data and the drive temperature data. FIG. 7 is a
block diagram of the opening-and-closing member apparatus
which is provided with a pinch detection apparatus according
to the second embodiment disclosed here. In this embodi-
ment, the configurations other than the pinch detection appa-
ratus 5 are identical to those of the first embodiment, and thus
explanations of the identical configurations will be omitted.

The pinch detection apparatus 5 includes the CPU 501, the
memory 502, the input/output portion 503, the predetermined
condition determination portion 504, the reference data stor-
age portion 510, the drive load calculation portion 520 and the
pinch determination portion 530, all of which and the internal
components, which will be described below, are connected
with one another by the bus 505. The CPU 501, the memory
502, the input/output portion 503 and the predetermined con-
dition determination portion 504 are identical to those of the
first embodiment, and thus the explanations thereof will be
omitted.

The reference data storage portion 510 includes the refer-
ence load storage portion 511 and the reference temperature
storage portion 512. At the closing operation which is per-
formed in a case where the predetermined condition is estab-
lished, the rotation speed detected by the rotation speed detec-
tion portion 4 and the temperature data obtained from the
temperature sensor 11 via the ECU 10 are inputted to the
reference data storage portion 510. At the closing operation
which is performed in a case where the predetermined con-
dition is established, the reference load storage portion 511
calculates the reference load data on the basis of the inputted
rotation speed and the inputted temperature, and stores the
calculated reference load data. The reference load data is
calculated and derived from a function (hereinafter referred to
as “a function P2”") which corresponds to the obtained tem-
perature, from among the functions of torque-rotation speed
illustrated in FIG. 2. The reference temperature storage por-
tion 512 stores the temperature, which is obtained from the
temperature sensor 11 via the ECU 10 in a case where the
predetermined condition is established, as the reference tem-
perature data.

To the drive load calculation portion 520, the rotation speed
which is detected by the rotation speed detection portion 4 at
the closing operation performed after the storing operation by
the reference data storage portion 510, and the temperature
data which is obtained from the temperature sensor 11 via the
ECU 10 at the closing operation performed after the storing
operation by the reference data storage portion 510, are input-
ted. From the inputted rotation speed, the drive load calcula-
tion portion 520 calculates the drive load data indicating the
load fluctuation which corresponds to the rotation speed fluc-
tuation. At the calculation of the drive load data, first, tentative
drive load data is calculated on the basis of the obtained
rotation speed and the function P2. Then, the tentative drive
load data is corrected to be final drive load data on the basis of
the relative relation (for example, the difference) between the
inputted drive temperature and the reference temperature
stored at the reference temperature storage portion 512.

For example, in a case where the drive temperature is
higher than the temperature that is obtained when the prede-
termined condition is established, the torque in a low-rotation
speed range is reduced, and therefore the tentative drive load
data is corrected downwardly to calculate the final drive load
data. On the contrary, in a case where the drive temperature is
lower than the temperature that is obtained when the prede-
termined condition is established, the torque in the low-rota-
tion speed range increases, and therefore the tentative drive
load data is corrected upwardly to calculate the final drive
load data. That is, the correction amount at the correction of
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the drive load data is defined as a negative function relative to
the change from the reference temperature to the drive tem-
perature. A relationship between the relative relation between
the reference temperature and the drive temperature, and the
correction amount of the drive load data may be expressed by,
for example, a negative linear function, or may be defined at
a predetermined reference table.

The pinch determination portion 530 includes the load
difference calculation portion 531, the threshold storage por-
tion 533 and the comparison portion 535. In a similar manner
to the first embodiment, the load difference calculation por-
tion 531 subtracts the reference load data, which is stored by
the reference load storage portion 511, from the drive load
data, which is calculated by the drive load calculation portion
520, and thus outputs the load difference.

The threshold storage portion 533 stores the threshold. The
threshold is determined in a similar manner to the reference
threshold in the first embodiment. In the second embodiment,
the threshold is not corrected because the drive load data is
calculated according to the relative relation between the ref-
erence temperature date and the drive temperature data.

The comparison portion 535 determines presence or
absence of the occurrence of the pinch by comparing the load
difference with the threshold. In a case where the load differ-
ence is equal to or less than the threshold, the comparison
portion 535 outputs the non-detection signal which indicates
that there is no occurrence of the pinch or the comparison
portion 535 outputs no signal. On the other hand, in a case
where the load difference exceeds the threshold, the compari-
son portion 535 outputs the detection signal which indicates
the occurrence of the pinch. In a case where the detection
signal is inputted during the closing operation, the ECU 10
reverses the driving of the motor 3 so that the opening-and-
closing member 2 is operated to open. In a case where the
detection signal is inputted during the closing operation, the
ECU 10 may stop the opening-and-closing member 2 from
performing the closing operation so that the stopped state is
maintained.

As illustrated in FIG. 8, at Step S300, the predetermined
condition determination portion 504 determines whether or
not the predetermined condition is established. In a case
where the predetermined condition is established (Yes at Step
S300), the process moves to Step S301.

At Step S301, in a similar manner to that at Step S101 of the
first embodiment, the CPU 501 determines whether or not the
automatic closing operation of the opening-and-closing
member 2 is started. In a case where the closing operation is
started (Yes at Step S301), the process moves to Step S302.

At Step S302, the reference load storage portion 511 cal-
culates, from the rotation speed detected by the rotation speed
detection portion 4 and the temperature obtained by the ECU
10, the reference load data which indicates the load fluctua-
tion that corresponds to the rotation speed fluctuation, in
accordance with the function P2, then the reference load
storage portion 511 stores the calculated reference load data.
In addition, at Step S303, the reference temperature storage
portion 512 stores the temperature, which is obtained by the
temperature sensor 11 via the ECU 10, as the reference tem-
perature data. Thus, the operation of the reference data stor-
age portion 510 ends.

After that, at Step S401 the CPU 501 determines whether
or not the automatic closing operation of the opening-and-
closing member 2 is started, in a similar manner to Step S301.
In a case where the closing operation is started (Yes at Step
S401), the process moves to Step S402.

At Step S402, the drive load calculation portion 520 cal-
culates, from the rotation speed obtained by the rotation speed
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detection portion 4, the tentative drive load data in accordance
with the function P2. Then, the drive load calculation portion
520 calculates the final drive load data on the basis of the
relative relation between the drive temperature data, which is
obtained from the ECU 10, and the reference temperature
data, which is stored at Step S303.

At Step S404, the load difference calculation portion 531
subtracts the reference load data stored at Step S302 from the
drive load data calculated at Step S402, and accordingly
calculates the load difference.

At Step S407, the comparison portion 535 compares the
load difference with the threshold and determines presence or
absence of the occurrence of the pinch. In a case where the
load difference is equal to or less than the threshold (Yes at
Step S407), the driving of the motor 3 is continued at Step
S408 (that is, the closing operation is continued). In a case
where the load difference exceeds the threshold (No at Step
S407), the comparison portion 535 outputs the detection sig-
nal, and the CPU 501 causes the ECU 10 to reverse the driving
of'the motor 3 at Step S409. Thus, the closing operation of the
opening-and-closing member 2 is reversed to the opening
operation.

At Step S410, the CPU 501 determines whether or not the
closing operation of the opening-and-closing member 2 is
completed. In a case where the closing operation is not com-
pleted (No at Step S410), the process from Step S402 to Step
S408 is continued, that is, repeated, until the closing opera-
tion ends. In a case where the closing operation ends (Yes at
Step S410), the process ends. Under assumption that the
temperature is substantially constant during one closing
operation, the obtainment of the drive temperature data at
Step S402 may be omitted in the second execution of the flow
and thereafter. In this case, the temperature data that is ini-
tially obtained at Step S402 is maintained.

As described above, according to this embodiment, the
load difference is calculated so as to reflect the relative rela-
tion between the temperature data, that is, the relative relation
between the reference temperature data and the drive tem-
perature data, at the time of the calculation of the load differ-
ence. Thus, even in a case where the temperature difference
exists between when the predetermined condition is estab-
lished and when the closing operation is performed after the
establishment of the predetermined condition, the motor load,
which is dependent on the temperature, is determined accu-
rately. As a result, the pinch detection with high accuracy is
realized. In addition, also in this embodiment, the load dif-
ference is calculated so as to reflect the relative temperature
instead of the absolute temperature at the time of obtainment
ofeach ofthe load, and therefore there is no need for the direct
measurement or the accurate measurement of the motor tem-
perature. Consequently, the temperature sensor that is ordi-
narily provided at the vehicle may be used for the temperature
measurement of this embodiment, and therefore the pinch
detection apparatus which is readily introduced at low costs is
achieved.

In this embodiment, in a similar manner to the first embodi-
ment, the reference load data may be updated by a manual
operation of the user or may be updated automatically, at a
predetermined timing. FIG. 9 illustrates a flowchart of a
variation of this embodiment, where the processing of the
automatic update of the reference load data is additionally
included. In FIG. 9, it is assumed that the storing process
(Steps S300 to S303) for initially storing the reference load
data is already performed. In the flowchart of FIG. 9, the
identical numerical designations are given to the steps that are
identical to the steps in the flowchart shown in FIG. 8 and the
explanations thereof are omitted.
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At Step S450, which immediately follows Step S410, the
predetermined condition determination portion 504 deter-
mines whether or not the predetermined condition is estab-
lished, in a similar manner to Step S300. In a case where the
predetermined condition is established (Yes at Step S450),
the process moves to Step S451. In a case where the prede-
termined condition is not established (No at Step S450), the
process ends and the reference load data stored at Step S302
is maintained.

At Step S451, the reference load storage portion 511 stores
the drive load data, which is calculated at Step S402, as a new
reference load data. Thus, the drive load data calculated at the
closing operation is rewritten as the new reference load data,
and is updated.

According to the above-described configuration, in a simi-
lar manner to the first embodiment, the reference load data is
appropriately updated as the apparatus is used, and therefore
the ability or capability for performing the pinch detection
with high accuracy is maintained regardless of the aging
deterioration of the apparatus and/or the change in the use
condition of the apparatus. In addition, the automatic update
configuration illustrated in the flowchart of FIG. 9 updates
each of the reference data without imposing the burden on the
user, thereby enhancing the convenience.

According to each of the aforementioned embodiments,
the pinch detection apparatus 5 includes the reference data
storage portion 510 which stores the reference load data and
the reference temperature data which are related to the closing
operation performed in a case where the predetermined con-
dition is established, and the drive load calculation portion
520 which calculates the drive load data related to the closing
operation after the storage of the reference load data and the
reference temperature data. Further, the pinch detection appa-
ratus 5 includes the pinch determination portion 530 which
determines the occurrence of the pinch on the basis of a
comparison result obtained by comparing the load difference
between the reference load data and the drive load data with
the threshold set in order to determine the pinch at the open-
ing-and-closing member 2. At the pinch determination por-
tion 530, the relative relation between the load difference and
the threshold is corrected on the basis of the relative relation
between the reference temperature and the drive temperature.
Consequently, the pinch detection apparatus 5 at which the
pinch detection with high accuracy is performed with the
simple configuration, and the opening-and-closing member
apparatus 1 at which the pinch detection apparatus 5 is used
are realized. In addition, the reference data storage portion
510 is configured to update the reference load data at the
predetermined timing. Consequently, the pinch detection
with high accuracy is maintained over a long period of time
even in a case where the aging deterioration occurs to char-
acteristics of each of the portions or members.

The embodiments are described above, however, this dis-
closure is not limited thereto and various changes or modifi-
cations may be made. For example, the time of obtaining the
reference load data and the reference temperature data does
not need to be the time when the predetermined condition is
established. The reference load data and the reference tem-
perature data may be obtained when a condition, which is
similar to or is comparable to a condition at the time of
obtainment of the drive load data which is assumed, is estab-
lished at the motor 3. In addition, according to the explanation
in each of the aforementioned embodiments, the pinch detec-
tion apparatus of this disclosure and the opening-and-closing
member apparatus of this disclosure are applied to the
vehicle, however, application of this disclosure is not limited
thereto. For example, the pinch detection apparatus and the
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opening-and-closing member apparatus which are disclosed
here may be used for the pinch detection of any opening-and-
closing member that is actuated by a motor to open/close,
including but not limited to, an automatic opening-and-clos-
ing door, an automatic opening-and-closing shutter.

According to the aforementioned embodiment, the pinch
detection apparatus 5 for the opening-and-closing member 2
actuated by the motor 3, the pinch detection apparatus 5
includes the reference data storage portion 510 calculating
the load data on the basis of the rotation speed of the motor 3
and the environmental temperature which are obtained in a
case where the closing operation of the opening-and-closing
member 2 is performed at the predetermined time, the refer-
ence data storage portion 510 storing the load data and the
environmental temperature as the reference load data and the
reference temperature data, respectively, the drive load cal-
culation portion 520 calculating the drive load data on the
basis of the rotation speed of the motor 3 and the environ-
mental temperature which are obtained in a case where the
closing operation of the opening-and-closing member 2 is
performed after the reference load data is stored, and the
pinch determination portion 530 configured to determine the
occurrence of the pinch on the basis of the comparison result
obtained by comparing the difference between the reference
load data and the drive load data with the threshold set in order
to determine the pinch at the opening-and-closing member 2,
the pinch determination portion 530 configured to correct the
relative relation between the difference between the reference
load data and the drive load data, and the threshold on the
basis of the relative relation between the reference tempera-
ture which corresponds to the reference temperature data and
the drive temperature which corresponds to the environmen-
tal temperature obtained at the closing operation of the open-
ing-and-closing member 2 after the reference load data is
stored.

According to the above described configuration, the rela-
tive relation between the difference between the reference
load data and the drive load data, and the threshold is cor-
rected on the basis of the relative relation between the refer-
ence temperature and the drive temperature. Thus, there is no
need for a configuration where the temperature of the motor is
accurately detected. Consequently, the pinch detection with
high accuracy is achieved with a simple configuration.

According to the aforementioned embodiment, the prede-
termined time corresponds to the time when the predeter-
mined condition is established at the motor 3.

According to the above described configuration, the refer-
ence load data is calculated and stored in a case where the
predetermined condition is established. Consequently, the
difference between the reference load data and the drive load
data is calculated more accurately, and the pinch detection
with high accuracy is performed.

According to the aforementioned embodiment, the pinch
determination portion 530 is configured to correct the thresh-
old on the basis of the relative relation between the reference
temperature and the drive temperature.

According to the above described configuration, the pro-
cessing includes the calculation of the relative relation
between the reference temperature and the drive temperature,
and the calculation of the correction amount of the threshold
on the basis of the relative relation between the reference
temperature and the drive temperature. Consequently, pro-
cessing load of the correction processing is reduced.

According to the aforementioned embodiment, the correc-
tion amount at the correction of the threshold is defined as the
positive function relative to the change from the reference
temperature to the drive temperature.
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According to the above described configuration, the cor-
rection processing is executed appropriately on the basis of a
general relationship between the rotation speed and the load
of the motor. Consequently, a versatility of the apparatus is
ensured.

According to the aforementioned embodiment, the com-
parison processing at the pinch determination portion 530 is
invalidated in a case where the difference between the refer-
ence temperature and the drive temperature is not within the
predetermined range.

According to the above described configuration, the pinch
detection is performed only in a case where the difference
between the reference temperature and the drive temperature
is within the predetermined range. Consequently, the accu-
racy of the pinch detection is ensured.

According to the aforementioned embodiment, the pinch
determination portion 530 is configured to correct the drive
load data on the basis of the relative relation between the
reference temperature and the drive temperature.

According to the above described configuration, the pro-
cessing includes the calculation of the relative relation
between the reference temperature and the drive temperature,
and the calculation of the correction amount of the threshold
on the basis of the relative relation between the reference
temperature and the drive temperature. Consequently, pro-
cessing load of the correction processing is reduced.

According to the aforementioned embodiment, the correc-
tion amount at the correction of the drive load data is defined
as the negative function relative to the change from the ref-
erence temperature to the drive temperature.

According to the above described configuration, the cor-
rection processing is executed appropriately on the basis of a
general relationship between the rotation speed of the motor
and the load of the motor 3. Consequently, the versatility of
the apparatus is ensured.

According to the aforementioned embodiment, the refer-
ence data storage portion 510 is configured to update the
reference load data at the predetermined timing.

According to the above described configuration, because
the new reference load data is stored, the pinch detection with
high accuracy is maintained over a long period of time even in
a case where the relation among the environmental tempera-
ture, the rotation speed and the load is changed due to, for
example, the aging deterioration of the motor 3.

According to the aforementioned embodiment, in a case
where the closing operation of the opening-and-closing mem-
ber 2, which is performed after the reference load data is
stored, ends without detecting the occurrence of the pinch and
in a case where the predetermined condition is established at
the closing operation, the drive load data which is obtained at
the closing operation is rewritten as the new reference load
data.

According to the above described configuration, the refer-
ence load data is automatically updated at an appropriate
timing, and consequently, convenience of the apparatus
enhances.

According to the aforementioned embodiment, the open-
ing-and-closing member apparatus 1 includes the opening-
and-closing member 2, the motor 3, the rotation speed detec-
tion portion 4 detecting the rotation speed of the motor 3 and
the pinch detection apparatus 5 actuated by the motor 3. The
pinch detection apparatus 5 includes the reference data stor-
age portion 510 calculating the load data on the basis of the
rotation speed of the motor 3 and the environmental tempera-
ture which are obtained in a case where the closing operation
of the opening-and-closing member 2 is performed at the
predetermined time, the reference data storage portion 510
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storing the load data and the environmental temperature as the
reference load data and the reference temperature data,
respectively, the drive load calculation portion 520 calculat-
ing the drive load data on the basis of the rotation speed of the
motor 3 and the environmental temperature which are
obtained in a case where the closing operation of the opening-
and-closing member 2 is performed after the reference load
data is stored, and the pinch determination portion 530 con-
figured to determine the occurrence of the pinch on the basis
of the comparison result obtained by comparing the difter-
ence between the reference load data and the drive load data
with the threshold set in order to determine the pinch at the
opening-and-closing member 2, the pinch determination por-
tion 530 configured to correct the relative relation between
the difference between the reference load data and the drive
load data, and the threshold on the basis of the relative relation
between the reference temperature which corresponds to the
reference temperature data and the drive temperature which
corresponds to the environmental temperature obtained at the
closing operation of the opening-and-closing member 2 after
the reference load data is stored.

According to the above described configuration, the open-
ing-and-closing member apparatus, at which the pinch detec-
tion with high accuracy is performed with a simple configu-
ration or at which the pinch detection with high accuracy is
maintained even though, for example, the motor is deterio-
rated with time, is achieved.

The principles, preferred embodiments and mode of opera-
tion of the present invention have been described in the fore-
going specification. However, the invention which is intended
to be protected is not to be construed as limited to the par-
ticular embodiments disclosed. Further, the embodiments
described herein are to be regarded as illustrative rather than
restrictive. Variations and changes may be made by others,
and equivalents employed, without departing from the spirit
of'the present invention. Accordingly, it is expressly intended
that all such variations, changes and equivalents which fall
within the spirit and scope of the present invention as defined
in the claims, be embraced thereby.

The invention claimed is:

1. A pinch detection apparatus for an opening-and-closing
member actuated by a motor, the pinch detection apparatus
comprising:

areference data storage portion calculating load data on the
basis of a rotation speed of the motor and an environ-
mental temperature which are obtained in a case where a
closing operation of the opening-and-closing member is
performed at a predetermined time, the reference data
storage portion storing the load data and the environ-
mental temperature as reference load data and reference
temperature data, respectively;

a drive load calculation portion calculating drive load data
on the basis of the rotation speed of the motor and the
environmental temperature which are obtained in a case
where the closing operation of the opening-and-closing
member is performed after the reference load data is
stored;

a pinch determination portion configured to determine an
occurrence of pinch on the basis of a comparison result
obtained by comparing a difference between the refer-
ence load data and the drive load data with a threshold set
in order to determine the pinch at the opening-and-clos-
ing member, the pinch determination portion configured
to correct a relative relation between the difference
between the reference load data and the drive load data,
and the threshold on the basis of a relative relation
between a reference temperature which corresponds to
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the reference temperature data and a drive temperature
which corresponds to the environmental temperature
obtained at the closing operation of the opening-and-
closing member after the reference load data is stored;
and

wherein a comparison processing at the pinch determina-

tion portion is invalidated in a case where a difference
between the reference temperature and the drive tem-
perature is not within a predetermined range.

2. The pinch detection apparatus according to claim 1,
wherein the predetermined time corresponds to a time when a
predetermined condition is established at the motor.

3. The pinch detection apparatus according to claim 1,
wherein the pinch determination portion is configured to cor-
rect the threshold on the basis of the relative relation between
the reference temperature and the drive temperature.

4. The pinch detection apparatus according to claim 2,
wherein the pinch determination portion is configured to cor-
rect the threshold on the basis of the relative relation between
the reference temperature and the drive temperature.

5. The pinch detection apparatus according to claim 3,
wherein a correction amount at the correction of the threshold
is defined as a positive function relative to a change from the
reference temperature to the drive temperature.

6. The pinch detection apparatus according to claim 4,
wherein a correction amount at the correction of the threshold
is defined as a positive function relative to a change from the
reference temperature to the drive temperature.

7. The pinch detection apparatus according to claim 1,
wherein the pinch determination portion is configured to cor-
rect the drive load data on the basis of the relative relation
between the reference temperature and the drive temperature.

8. The pinch detection apparatus according to claim 7,
wherein a correction amount at the correction of the drive
load data is defined as a negative function relative to a change
from the reference temperature to the drive temperature.

9. The pinch detection apparatus according to claim 1,
wherein the reference data storage portion is configured to
update the reference load data at a predetermined timing.

10. The pinch detection apparatus according to claim 9,
wherein in a case where the closing operation of the opening-
and-closing member, which is performed after the reference
load data is stored, ends without detecting the occurrence of
the pinch and in a case where a predetermined condition is
established at the closing operation, the drive load data which
is obtained at the closing operation is rewritten as new refer-
ence load data.

11. An opening-and-closing member apparatus compris-
ing:

an opening-and-closing member;

a motor;

a rotation speed detection portion detecting a rotation

speed of the motor; and

a pinch detection apparatus actuated by the motor, the

pinch detection apparatus comprising:

areference data storage portion calculating load data on the

basis of a rotation speed of the motor and an environ-
mental temperature which are obtained in a case where a
closing operation of the opening-and-closing member is
performed at a predetermined time, the reference data
storage portion storing the load data and the environ-
mental temperature as reference load data and reference
temperature data, respectively;
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a drive load calculation portion calculating drive load data
on the basis of the rotation speed of the motor and the
environmental temperature which are obtained in a case
where the closing operation of the opening-and-closing
member is performed after the reference load data is
stored;

a pinch determination portion configured to determine an
occurrence of pinch on the basis of a comparison result
obtained by comparing a difference between the refer-
ence load data and the drive load data with a threshold set
in order to determine the pinch at the opening-and-clos-
ing member, the pinch determination portion configured
to correct a relative relation between the difference
between the reference load data and the drive load data,
and the threshold on the basis of a relative relation
between a reference temperature which corresponds to
the reference temperature data and a drive temperature
which corresponds to the environmental temperature
obtained at the closing operation of the opening-and-
closing member after the reference load data is stored;
and

wherein a comparison processing at the pinch determina-
tion portion is invalidated in a case where a difference
between the reference temperature and the drive tem-
perature is not within a predetermined range.

12. A pinch detection apparatus for an opening-and-clos-
ing member actuated by a motor, the pinch detection appara-
tus comprising:

areference data storage portion calculating load data on the
basis of a rotation speed of the motor and an environ-
mental temperature which are obtained in a case where a
closing operation of the opening-and-closing member is
performed at a predetermined time, the reference data
storage portion storing the load data and the environ-
mental temperature as reference load data and reference
temperature data, respectively;

a drive load calculation portion calculating drive load data
on the basis of the rotation speed of the motor and the
environmental temperature which are obtained in a case
where the closing operation of the opening-and-closing
member is performed after the reference load data is
stored; and

a pinch determination portion configured to determine an
occurrence of pinch on the basis of a comparison result
obtained by comparing a difference between the refer-
ence load data and the drive load data with a threshold set
in order to determine the pinch at the opening-and-clos-
ing member, the pinch determination portion configured
to correct a relative relation between the difference
between the reference load data and the drive load data,
and the threshold on the basis of a relative relation
between a reference temperature which corresponds to
the reference temperature data and a drive temperature
which corresponds to the environmental temperature
obtained at the closing operation of the opening-and-
closing member after the reference load data is stored,
and wherein the pinch determination portion is config-
ured to correct the drive load data on the basis of the
relative relation between the reference temperature and
the drive temperature.
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